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I INTRODUCTION 
The identification of fish zones in western and central Europe has been the 
objective of the major works of Huet in 1946, 1949 and 1962 and Huet, Lelek, 
Libosvarsky & Penaz in 1969. 
The "fish zones" theoretically give a distribution of types of fish in a 
watercourse, determined by the application of the "Rule of Gradients" and use 
of a "Gradients-Graph" based on the influence of the current on the distribution 
of the fish in running water (Huet 1946, 1949). 
The mechanical and ecological action of the current is preponderant; It shows 
directly and indirectly on the speed of the current, on the temperature of the 
water as well as on the morphodynamic characteristics of the habitat. 
Divergences from norm (decalages) are nevertheless recorded (Huet et al. 1969) 
in particular climatic conditions. 
This paper concerns a stream in Normandy specially studied by the author in 
1969 and 1970 in the framework of a study on the role of the mean temperature 
in fish zoning. The study sections were explored following a study trip with 
M. Huet in 1969. 
The paper propounds the comparative study of the morphodynamic and occasionally 
physico-chemical characteristics, as well as the results of previous sampling 
by electric fishing of the fish populations of two 6ther streams of the higher 
Cretaceous layer and supplied by "chalky" water in Normandy and Picardy (Fig. 1). 
These examples are extracts of hydrobiological studies carried out by Arrignon 
on the Levriere from 1965 to 1970 and by Arrignon & Leroy on the Breche in. 1970. 
The criteria are as follows: 
- The "rule of gradients" applies to those watercourses with some cases of 
inversion of zones. 
- A divergence (decalage) exists between the zoning of streams in Normandy 
and those in the most northern and eastern regions of Europe. 
- The divergence seems due to the influence of the mean water temperature. 
II HYDROBIOLOGICAL STUDY OF THE RISLE, NORMANDY 
2.0 Physical and morphodynamic characteristics (Fig. 2) 
The Risle is 149 km 250 long, rises at 273. 100m and enters the Seine Estuary. It 
is affected by the tides at 16 km 800, 
Its source is in the lower Jurassic layer of Le Perche, then crosses higher 
Cretaceous then Eocene spots (??) (lentilles), to drain into a valley of modern 
alluvia. 
Upstream of its confluence with its principal tributary, the Charehtonne (3 m3/ 
sec), it receives few tributaries, its flow varying from 50 l/sec at 4 km from 
the source, to 3 m3 600/sec at the confluence. Downstream it is abundantly 
fed by three short tributaries, outlets of springs bursting along the bed of 
the water course. 
At the mouth it discharges (42 m3) 11.230 m3 (9.100 m 3). 
The physico-chemical profile is related to the hydrological conditions above, 
notably to that which concerns the evolution of the mean temperature and that 
of the amount of Ca++ in the water. 
The ecological conditions have been moulded by the presence of 98 weirs for 
the purpose of providing hydraulic energy for the oldest and "stream" (au fil 
de l'eau) hydro-electric energy for the others. 
The gradient is slight, 4.2% upstream to 0.3o/oo downstream with two breaks in 
the gradient which include the appearance of two inversions of fish zones. 
2.1 Pish characteristics (Fig. 3) 
Table 1 gives the composition of the fish population corresponding to different 
sectors shown on the length profile of the stream, expressing the. physiognomy 
of its different sections. 
If one refers to the theoretical characteristics of the fish zones given by 
Huet (1962) the Risle has no trout zone but: 
a zone superior to grayling in its upper course (gradient 4.2o/oo) 
a zone superior to barbel (gradient 2.5o/oo) 
a zone inferior to barbel (gradient 1.9o/oo) 
a zone inferior to grayling (gradient 3.4o/oo) at Rugles (inversion) 
a bream zone (gradient 1.1o/oo) 
a zone inferior to grayling (gradient 3.4o/oo) at the Vieille Lyre (inversion) 
a zone superior to barbel 
a bream zone 
Actually the zoning is similar to that shown on the profile: 
a trout zone in the upper part 
a zone superior to grayling in the middle part (inversion) 
a trout zone downstream 
a bream zone influenced by the tides 
- 2 -
but noting that the downstream trout zone has a tendency to become a grayling 
zone because of the large number of gravel pits in relation to the stream. 
These pits "become pools for cyprinids and pike: the fish population of the 
stream tends to evolve. 
III Hydrobiological study of the Epte and its tributary, the Levriere, Normandy 
3.0 Physical and morphodynamic characteristics (Fig. 4,5) 
The Epte is 117 km 200 long, rises at an altitude of 200 m and enters the Seine 
on the right bank of the river. 
The Levriere, a tributary of the Epte on the right bank at 38 km 800 from 
joining the Seine and at an altitude of 45 m 700, is 25 km 500 long; its 
source is at an altitude of 120 m. 
The principal watercourse successively runs on the higher Jurassic layer and 
the lower Cretaceous layer of the Pays de Bray fault, then on the base of the 
higher Cretaceous layer. 
Its tributary rises and runs on higher Cretaceous; the nature of its catchment 
is woodland and pastures. 
The system studied includes the Levriere and the Epte from the junction of the 
two watercourses. 
The Levriere receives few important tributaries: its discharge is fed by a 
succession of springs. It varies from 0.270 m3/sec at 2 km from the source 
to 0.840 m3/sec after receiving the Bonde (0 m3 360/sec). After its confluence 
with the Levriere, the Epte discharges 3 m3 500/sec and about 4 m3 500/sec at 
its arrival in the Seine. 
The thermal profile of these watercourses is in keeping with the geological, 
pedological and hydrological conditions. The temperature of the water, like 
the discharge of the Levriere, has a poor range, contrary to that of the Epte. 
The gradient, relatively steep in the upper part of the Levriere (8.5o/oo) becomes 
less (1.43o/oo at the confluence) and is hardly greater than that of the Epte 
(1.3o/oo). 
3.1 Fish Characteristics 
Table 2 gives the composition of the fish population, corresponding to the 
various sectors given on the length profile of the stream, expressing the 
physiognomy of its different sections. 
The application of gradient types on fish zoning (Huet 1962) gives: 
- a trout zone in the upper part of the Levriere, very rheophilic (8.5o/oo) 
- a zone superior to barbel at 2.200m from the former (gradient 2.5o/oo). This 
zone continues downstream from the confluence with the Epte up to the 
- last study section (St Clair: width 15 m, gradient 1.3o/oo). 
Actually the zoning is similar to that on the profile: 
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- a trout zone which covers the whole of the Levriere (at St Paer the trout 
population represents 55.3% of the whole and, with its population of 
accompanying fishes: 99.8%). 
- a zone superior to barbel, which from the confluence of the Epte and the 
Levriere, up to Gisancourt (trout 8.4% - cyprinids of running water 40.8% -
carnivores 11.6%) 
- a zone superior to grayling on 3 km of parts of Guerny (salmonids 41.2% -
cyprinids of running water 31.8% - of still water 21.2%) 
- A zone inferior to barbel from St Clair (salmonids 3.7%, cyprinids of 
flowing water 17.6% - of still water 23.7%. Eels (52.5%) considerably 
influence the fish distribution. 
One can consider that the superior to barbel and inferior to barbel zones 
have a tendency to become a grayling zone because of the success of 
acclimatisation this introduced species has found in the Guerny section. 
The zoning could also be presented as follows: 
- a trout zone covering the course of the Levriere 
- a grayling zone from the confluence at St Clair 
IV HYDR0BI0L0GICAL STUDY OF THE BRECHE, PICARDY 
4.0 The Breche is 48 km long; it rises at an altitude of 115 m and enters 
the Oise. 
The stream's source is on the Picardian plateau; a plateau constituted of 
chalk of Campanien at Belemnitella, topped sometimes by Thanetian sand and 
covered in parts by clay and Sparnacian lignites. 
It crosses land recently made of sands and clays subjacent to the coarse 
limestone of Lutetian (??) 
The bed of the stream runs on the limestone from the source to Coiseaux (S,1), 
then on peat and alluvia up to its confluence with the Oise. 
The nature of the catchment is agricultural and grazing upstream, agricultural 
and marshy at the centre, agricultural and forest, then industrial and urban. 
The Breche only receives one important tributary, the Arre. The stream is fed 
by a succession of springs, some of which are in the actual bed of the stream, 
from its original source up to Litz (S.3). 
Its flow of 0 m3 020/sec at the source is 0 m3 255 at 8 km from there, then 
greater than that of the Arre, 1 m3 346 at Clermont (S.4) and about 2m3 200 
at its confluence with the Oise. 
The physico-chemical and notably thermal profile is in keeping with the 
geological, pedological and hydrobiological conditions. The temperature of 
the water, as the discharge from the Breche up to the Seravenne (S.5), has a 
poor range. 
The gradient of the stream is poor from its source (2.9o/oo) at Clermont 
(S.4 - 2o/oo) then very poor (1o/oo at Rantigny - 0.8o/oo at the confluence). 
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4.1 Fish characteristics 
Table 3 gives the composition of the fish population corresponding to various 
sectors on the length profile of the stream, expressing the topography of its 
different sections. 
An examination of the gradient graph (Huet 1962) would give the following 
theoretical zoning: 
- a zone superior to barbel at 14 km from the source 
- a zone inferior to barbel at 11 km (S.3 - 1.2o/oo - width 4m 60) 
- a zone superior to barbel at 3 km (2o/oo, width 4 m 60) 
- a zone inferior to barbel, then 
- a bream zone 
The analysis of fish populations leads to the zoning, which is shown on the 
profile 
- a trout zone at 28 km from the source (S.1-S.2-S.3) 
- a grayling zone at 5 km S.4-S.5. The salmonid population is important; 
99.5 and 99.4o/oo, but it results from stocking. The population of still 
water fish is natural 
- a zone superior to barbel, at 8 km (S.6 -. S.7) - the disappearance of 
trout is due to chronic pollution. 
- a bream zone at 4 km from the confluence with the Oise. 
V APPLICATION OP THE RULE OF GRADIENTS TO WATERCOURSES FROM HIGHER CRETACEOUS 
LAYER 
From the above, one can draw the following conclusions: 
1. that the "rule of gradients" stated by Huet (1946) is applicable to the 
watercourses of Normandy and Picardy, since the Risle, for example, 
presents an inversion of zones due in part to a double break of gradient 
(S.2 = 2.5o/oo S.4 = 1.2o/oo S.5 = 2.3o/oo) 
2. that the preponderant action of the temperature is perfectly confirmed in 
the way that Huet (1949) has indicated. "It is above all marked in the 
watercourses fed by springs coming from limestone, which have a large 
discharge. In such a situation if a water course with a slight gradient 
is fed by rheocrenic springs with large discharges, the water remains fresh 
during the summer along quite a distance and the population is salmonid" 
One notes for the Risle, some important deposits (of 100-600 litres/sec) at 
5 km (S.5) from a spring of low thermal range (9o in winter, 11o in summer). 
They in fact make the lower part of this watercourse a salmonid zone. This 
observation is the same for the Breche whose course is influenced by subjacent 
springs in more than 20 km (S.1, 2, 3). When the gradient is slight (2.9o/oo -
2.2o/oo - 1.2o/oo) the zone is definitely salmonid. It is a grayling zone only 
because of the addition of stagnant water (peat bogs and pools). This addition 
disturbs the constant temperature of the water from springs. 
VI GRAPH OF GRADIENTS APPLICABLE TO WATERCOURSES FROM THE HIGHER CRETACEOUS 
LATER IN WESTERN EUROPE 
The graph of gradients traced by Huet (1962), Huet et al. (1969) does not 
correspond to any of the situations of the watercourses from higher Cretaceous 
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layers, whether or not they are influenced by the maritime climate. One 
notes that the salmonids colonise watercourses with the weakest gradients and 
highest discharge, except for sections of a width greater than 50 m (Fig 8). 
The reason for this particular zoning lies in the preponderant influence of 
the temperature which is constantly kept fresh (9o - 11o) by springs which are 
subjacent or close to the watercourses and have a large discharge and low 
annual range. "Now, the temperature and the discharge to which is related 
the current speed greatly influence the distribution of fish in running water." 
Huet 1962, 1969. 
In the graph project, the divergence from norm towards the bottom is almost 
equivalent to a fish zone, but the graph is only approximate: each watercourse 
running on the higher Cretaceous layer presents an original fish zone, itself 
a function of the importance of the distribution and the localisation of the 
springs feeding the said watercourse. 
In conclusion it is proper to insist on the fact that it is important to 
define with precision the biogeographic territory to which one wishes to apply 
the rule of gradients. In addition, it is absolutely necessary to first of 
all carry out a detailed pedo-geological study as well as seasonal thermo-
hydrological measurements. 
Discussion 
Symoens: Does a possible study in the streams of Normandy, of the zoning of 
invertebrates (except Triclads) show what one observes elsewhere in western 
Europe, a deviation comparable to that found in the localisation of fish zones? 
Arrignon: There exists a neat correlation between physical measurements, 
chemical analyses and invertebrate samples in the streams of Normandy and more 
particularly, between populations of invertebrates and fish. 
Bontemps: What method have you used to calculate the percentage of fish in 
the zones of the streams? 
Arrignon: The watercourses studied are of dimensions which are suitable for 
electric fishing surveys. The survey sections, corresponding with various 
sections of the watercourse, are marked off and isolated by. mobile electric 
batteries. The populations are caught, and the survey is made by the 
application of the Petersen method for salmonids and the de Lury method for 
other fish. 
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